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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
negative electrode and a battery optimizing the 
specific surface area of a negative electrode 
material capable of storing/desorbing lithium, 
and improving a property. 
SOLUTION: A wound electrode element 20 
wherein a strip-shaped positive electrode 21 and 
a negative electrode 22 are wound through a 
separator 23 is provided. The separator 23 is 
impregnated with an electrolytic solution. The 
negative electrode 22 includes the negative 
electrode material capable of storing/ desorbing 
lithium, and on the negative electrode 22, lithium 
metal is deposited halfway through charging. 
Namely, the capacity of the negative electrode 
22 is expressed by the sum of capacitive 
component due to storing/desorbing of lithium and capacitive component due to 
depositing/fusing of lithium metal. The specific surface area of the negative 
electrode material capable of storing/ desorbing lithium is not more than 5.0 m2/g. 
Therefore, a contact area between the negative electrode material and the 
electrolytic solution can be made to have a suitable size, and abrupt deterioration 
in energy density can be suppressed. 
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J: t) SEff te J: 4»*«a»?tlElRltf U < * 

[0 0 5 2] ftfi, y;l/«'>-h*3SE#LfcO-B. 5£# 
50 ip«l3&*i^iaiHtJ:»)ia»«^ St^iS(g^}«5g?-& 



-7- 



13 

z<Dmm%km<t7s<m, ^y^it^y^^coyyitm 
mma\ o ommmcMvr i K«a5*sii:*ss-etT 

[0 0 5 3] -fe/Sp— * 2 3tC&±, itt(DtSat*3&5 

Snfc«S?K«rc*«y**A*fc^A,T?^S. *tt 

2 SX^fefrSE^PKfitfl 0. OmP a • sJWT<E>€> 

^ifeiH© i a* fctt 2 mA±*tms bfc t> l 

[005 4] UteWfcte, x^ix^-tf^-K 

#— #*— K y-yfD7^hX y-^bp^*h 
X 1. h^i/X^V, fh7tFD77X 

h7bKn77X 1, 
X 4-^^;i/-i, 3-mV7X 

-#*-K x^;k*^;l/#-2}?*-K ->*x^;l/A- 
#*-K 7-trh-h';;K WnxhiJ;K 7vM* 
xh'J;K ^t-^7-fehxhij;k 
tfuxh'J/K N, 'N-^^;V7*;VA75K, N- 

N, N' -Vtl-MS.irW&Sl'* =.ha?iit>, 

h y j; tf en 6 ©ffc^»07k»ao-»s 
ft it * y y mm tc mm l it t, © * h tfm if <=> n s „ 

?rll^-r«fci6{c{±, x^U^-tf^-K :/nl?b 

#*-K xf f h O'M < 1 1 1 1 

[0 0 5 5] V^7L.M£ Lta, fllRtfs L i A s F 
e , LiPFs , L i B F4 , L i C 1 04 , L i B 
(Ci Hs ) « , Li CHa S Ch , L i C Fs S 

03 , L i N (S 0: C F3 ) 2 , L 1 C (S O2 C F 
3)3, L 1 A 1 C 1 4 x LiSiFe , L i C 1 fej; 



(8) &M2 0 0 2-2 7 0 1 6 0 

14 

smm (mm) a«»te*fLT3. omo i/k g «T 

Tfe5CfcW$U<, 0. 5mo 1/k gJi(±T-J&n 
CO 0 5 6] £33. WJBRlcftATx MB$mfc-fr 

^. YjisWcommmit, -<*y&mmtfnuT-ims/ 

*Xh«#yffc&«fi:bT«\ 003. Wf* #U7* 
. iJnxhU;!/, jKU^yfbex'J'TX ^y^-yftex 

'Jfh77Wnxfi/X j}<y-^4 1 -y-7;b^-n7 p Dtf 
^v^iy>^r^-f h\ #yrntr l/V^U- 
-Tb\ #y7*X7r-tf>, *y$/D*-9-> % #UB» 
lf-;K #y Vfx;l/7;l/n-;K Jj?y * * * 'J 

^i?xyriA, xhiJ;l/-7*^xydA, 

ft¥««fSgttOj«^6tt, *'J7j"JO-h';/b, ^?y 
7vftlf=y7*V, ^y^-9-7;l/^-a7°ntfU'>fe^ 
VH±#yx^U;/;4-*-9--r KOSBt^oSf^Fft^ 

*Mv>scfc*<a*bCo tt^^tc Jtr s * x h mfr? 

ik&W3<Dmu&it, W#OfflSFttfc J: -aTfe 

ft»?S© 5 5 0 JUt%fcfflS'r S *X h 

CO 0 5 7] Sfe. ';^7Ai<DMif±, «MP%2:^ 
ttt, ®miCttLT3. Omol/kgKmSci: 
50 *W$U<, 0. 5mol/kgt(±T'fentlj;t?!?$ 
U\, flu cc-essatv^cti, ^«<D?§«0^^ 

Co 05 8] ccozi^wati, M^l£, ^OidtCLT 

co 05 9] $-r, mz.if. v^yA^wsL-mmm 

C <DlEm&mZ N-* <f-)\>- 2 - t!n y K y 

*H<D!g?cj{c^bT^-x h«oiEeB-&aijx^y-i: 

T&o il<DIE®^JX^y-^iE@m«^2 1 a(Ctt# 
LSSiJ^j^S^rccD^, a—jVy°UXm%:£lc£*)EE 
mf&MVOE®€!Mm2 1 btiMU IE® 2 1 «f^« 

co 0 6 0] ^^r% mar. y ^^a^®^ • sukrI 

b, COm@-&?iiJ^N-^^-2-t!py KV^ifO 

50 }g^j{c^i!tbT^-xh«<oa®^?fijx^y-fr§ 0 
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75 

LTft«ft»J»2 2 bftJEMKU AC 2 2*ff«-T*o 
[0 0 6 1] i^l>T, IE©&«#2 1 afcJE«y-K2 

<D*>, IE® 2 1 fcA®2 2 fcft-feAU— * 2 3?r/rLT 
»IU ma'J-F2 5<D$fc^£2f£#8S«fl 5K» 
fc#te, fiSU - F 2 6 OftSigaSftWtSffi l 1 fc 
Jg&LT, #0LfciE«2 l*J:tfA«2 2ft-*f©*£ 
8«1 2, 1 3T^f?iStel 1 ©rt»fciR*frr*o IE 
©2 1 *5«fctfASB2 2 1 1 COrtgPtClRlflLfciO 

3 ttH&ffil l <DWPflSgP(c« 

HUM 1 4 , l 5 *J;0IM3KifHk? l 6 

[0 0 6 2] cor^Wfitt*© i ^ tfffflt*. 

[0063] c<d— jm?tfi*>t. jEms 
btc&gns y *-*a*bw • wNRTttftftatmtcs 

aL§&i6So *<D<Q*>. j«W*87"r3*T?A«2 2fc: 
tty*-*2»&«*WHJLtttt*o CtilcJ:!), &8&*!l 
S2 2 bOJHRtt, «*tf U • WKrTCB* 
A«*mfcLTKJiraJ|SMfcffl^*W&* AfMP&ttft 

[0 0 6 4] »««fT5fcs Sf\ m®2 2tc 

«fWbfey^^A&«««-r*vi:aoT»au -t^u 

bfcs«^nso Kicjm«Rit«2:. m88-a-sij«2 2 

fcyf-^A-f^vawwwu mmm^ftvxiEm^mm 
2 1 bic^^n^o .t^T, c<D-^immvit. 
wto«>s y a^mkimb .fctf y a 

[0 0 6 5] Wfc*HW©»ttTtt, ftfMM2 2 b 

fc^^T, y^-!>A*ffl«*j:tfliBi-r*cfc«rarflBa 

AWmottSiBIRtfS. 0 m 2 /gWTkftot^S 

[0 0 6 6] coj:9i<: % '43fcNro£flUcJ:titdr. 'Jf- 



(9) &ffl2 002-2701 60 

35*8*5. 0m 2 /gJWTfr*J:-5fcUfc©l?, AS 

* 5 1 mc, «#»ox*;i/*-«flEs&fk**/h« < -r 

[0 0 6 7] 

1 *5&xfm2 tzmmvzmmicmm-rzo 

10 [0068] mffimi~8) s-r, mm)*-* j» cl 

12 CO! ) &0ak=i'Wh (C0CO3 ) L i 

2 COs : C0CO3 =0. 5 : 1 Oe;Wt) Ofil&T? 
H&U 2!jK*te*JI/"T9 oox;t-5^imlt, y 
^->A • 3/<;l/h«*iMb« (L i C o O2 ) ftfffco 

mmfettft-o rctcz, jcPDS7r jMc&m-sti 

fcL 1 C0O2 <Dtf-£i;<fc<-SS(LTt^fco 

[00 6 9] !g^T, C©y^^A«3/<;l/h«^»ffc 
77y*3KI%t, «»JWT»*«#y 7yftexy f*- 

-2-Vfoy KVte^MRLTiES^ffllX^y-fcU # 

1 aOWSKil-KifbTKj*?^ n-;V^bXi 
50 -pJBGMl01!bTiE«M!Mi2 1 b*»fi!cL, jP* 1 7 4 
MmOiE®2 l^SLfCo ^©O^, IE®*m^2 1 
a©— «S»c7;I/5x^A«OiE«y — F2 5*5?y#^ 

[0070] y ^^A^Kja • RiifiRr^^mffiW 
9 o ga% t % ig#aiJT-$. s * y 7 >y <k tr- y -r v 

1 0K«%i:?:®-&LTmfiB^?fJ^^b/-c o *©BS, 

40 "Z*fc«N -;**■;!/- 2 -liny FXc^SSj^^TX^y 

yuxiST*ffi^SLTfi@^J«2 2 b^r^filcL. 
*1 3 0 /im©ft8i2 2^SLfco ^<D^ fta»« 
<*22 a(0-Wc^-y^;l/|aoftay-F2 6 ft Bit) f* 

ttfCo 

[0 0 7 1] 
[SI] 
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(10) 



2002-270160 



17 



IS 





(mVg) 




(Wh/l) 


^bs? (%) 




0.67 


#9 


443 1 


4.05 


*Jfcfl2 


0.71 




456 


4.11 




0.77 




442 


4.15 




2.14 




431 


5.28 


mmms 


2.68 




428 


5.45 


*tfe.«SH c 


^ ftl 




420 


6.12 




3.95 




420 


6.57 




4.56 


^9 


416 


6.89 




5.23 




394 


11.8 



[0 0 7 2] 2E&B2 1 fc.fctfft«2 2^fnf^fflL 

;Pi»J:9**-fe^U-*2 3*ffl*U fti2 2, 

iE@2 1 , -fe^l/-^ 2 3©JWfcWibT 

c <Dmmte*'r&%mcp$t®mi5} u mi2. 5mm 

[0 0 7 3] #[§J»Sf*:2 0*fWBLfcO-6» 
#2 0 £-MO*6*l« 12, 13 £SU — K 2 

6 ^r«mte i ltea^-rsk^fc, iE«y— P2 5*ft 

£ttMBl 5fc««LT, #@Wlf*2 0*=yy;l/«) 
o*Lfe8»<0«»ffil KDrtWfciRlfiU"!:. too 

f-uy*-**— h3 5SS%t. 5***7l/;&— #*— 
h 5 0KM%t.. x^;l/>c^;U*— h l ogf% 
t^S^Lfc}§^{c, «S?M«i:LTL i PF6 
ICttl/Cl. 5mo 1/k gO*&»T»jl¥S-afct,0 

%fflv^fc. nmmvmxmit 3 . o g t Lfc 0 
[0074] wt&m 1 1 ©rt»»cm«?»*ffiALfe© 

LT®figl 4^r®1fiffil 1 {c*^LJ6Sdi:fc«t M 
8£0)Jl~8{COt/>TIflgl 4 mm, 5 mmOS^x 



* [0 0 7 5] #6tXfe*WWl— 8 0I13Wt?ateO^ 

Hfct, 4 0 0mA <D^«5tET?ll?lfiWE^ 4 . 2 V fc^f 
SS-efTofc©^ 4. 2 VO^«BE^«^HOl8if- 
« t 4«Hfflte*r**T?ffofc. 3tW*S7lfiM<DIE<l2 1 
fctS2 2i: OFlOtfftt 4 . 2 V % ftSiEffiti 5mAH 

[0 0 7 6] ^*&x*;l/^-feg«:, 2*-f*;l' 

mttMVW&itUfc L fc^(cf# 6 ti * x*;l/^-&ft «fc 

ft*— aftohu 4 5 icoawrFtefc^T 1 aHflWi 

m^rS 1 {c^-r o 
[0 0 7 7] 
* 40 [» l ] 

— **KC*.I**-M J* 100 



[0 0 7 8] $fcs HS(ltWl~80— ^maatcoi/^T, 

wtmic ja k> s nm&mm 2 2 b k >; ^ t> a&kwt m 

bT» fifij-ofti® 2 2 b tC'J A&JBtf fiftf} LT^ 50 



[0 0 7 9] fg8S0>J 1 ~8 fcatfSJtttW 1 t: LT, J* 

sffisw 5. 2 3m j /gm mttAi&m.&>zm 

8tPI®{cbT, ffl&WMB$(*fi*<\ tio^x*;!/ 
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(11) 



2002-270160 



19 

coo8o] gHc^Lfct^tc. mmmi -sr-tit 

*>tc»s-fstf-*&f#£n. ms^j/12 2 btc* 
2 bim&v&fa&vtfmmmzft-f, 7 l i^iK^ 

si2 2©g!«a, v^^mco^m • ^jgtcj:^* 

&fttV? t> h.<DW$. • ^Stttc J; 3 gBfi2# t ©Site «t 
[0 0 8 1] Si fr£#fr£J;5fc, itgffiifltf 

5 . 0 m 7 / g inTou^Amm^m^tcnmm 1 ~ 

Slctnfcf, itSffi«#5. om 7 / g J:*)*^iKtt: 



20 



moitmmmzs. o m j /g«Ti:^n«s ^tex* 

[0082] (HSS0IJ9~1 1) 'J^^A^rKSE-giBJi 

mnm 9-11 icn-rzsmw 2 1 lt, jta®« ^ 

fta«HM^J9~l 1 t|SI«|{cLT-^«ftfi^S 

bfco nas0ij9~i 1 is&utmm 2 to^rt, uss 

Wi tlBl^tcUT, ^«sE»^tv\ ttftS©£*&x* 

20 [0 0 8 3] 
[S2] 





(mVg) 




(Wh/l) 


(%) j 




0.71 




427 


4.11 


mmm 10 


2.8 




408 


5.64 




4.81 




406 


6.92 




5.31 




380 


12.1 



[008 4] g2*^^5<i:7(c, H$S0!I9~1 1 Jc 

^<DJtSffi«£5. 0m 7 /gSCFb-rtuS. & 
[008 5] eMtWl2-14) 'Jf"7A*!Rl«t 



40 



SSCTl 2~1 4 fc*hT Sit^J 3 tLT, JtSBStf 
5. 2 5m 7 /g-tf**A«m*ffl^fetfc*«t#, 
ffittfgttffll 1 2~i 4 tHilcttr^iBi^St 
fc 0 Hfflffill 2~l 4*J:tfJt«W3fe:o^Tt>. USS 

[0 0 8 6] 
[S3] 
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(12) 



21 



mffi2 002-2 7 0 1 6 0 
22 





CmVg) 




(Wh/1) 


$£<b^ (%) 




U.Ol 










2.41 




411 


5.79 




4.23 




404 


6.74 


tfc««3 


5.25 


#9 


378 


11.1 



[oo8 7] msfrzftfrzkvic mmmi z~\ 4 

fcititf, HM«l~8fc'W«te, JtlRWJ: »> t»J&»x 

[0 0 8 8] (nmii 5~i 7) mMmthTtm®. 



h4 8Si%t if-i^y^-^-h 4 
M%fc*tt&Lfc##8«lc, LT L i P 

F6 *1. 5mo 1/k g©t$It'iSi?-li:/cfe^ 

*Xh*$mt6»8JM%, ttft?®9 2SIS%i:L 
t^l/-^2 3, IES2 1, -tj/Ms—zzzwmcm 

HbT#|HlbfCo 

[0 0 8 9] 
[«4] 





(m 2 /g) 




Cwh/i) 


*W (%) 


Xfttt 15 


0.67 




442 


4.06 


ISKaffi 16 


2.68 




428 


5.47 


17 


4.56 




416 


6.9 




5.23 


m 


394 


11.9 



[0 0 9 0] Sfc, fUSStflJl 5-1 7te«r*JtK0B4 
t LT, ItSffiStf 5 . 2 3m ! /g ©ttttAiBJMB* 
ffl^ftCt*Htt, ffc&HS60iJl 5~1 7tl§ieUcLT 
nSMWttfcfRHLfe. StSNlffU l 5~ l 7^<fc tf J±«flf9 4 

i/\ WfilOjettx*;^-*^ «#«Ox*;l/^-ffi 

4 {C^"^" 0 

[0 0 9 1] «4^e.^S«fc3fc> HfifiMl 5-17 
K*tttf, fS«MHi~8i:H«K:» Jt«W±5fe*Bx 

tfff 6 ft 5 C t o fco 50 



[0 0 9 2] JW±> HMO^MifeitfidiSW^WT* 

U^A (Na) & 31^ A (K) &ifcD{tecD7;l/ 
XV Sftli^m^i (Mg) feS^ttfc/l/S/ 

->A (C a) %£<Z>7;l/*U±SlftJik Sfttt7;V5- 
■>A (Al) fc£©fft<9|£&®. £fc«y?-^Afe3<^ 

<oig^S{cjs;uTSS??nSo fib, g^jstLTU^ 
a $ fc « y •> A^r^t? i^-s <fc ? tc-r 
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(13) 



2002-2701 60 



23 

coo9 3] sfc, ±iBiiffi©»fe<fctfi^#uci5^ 

Co 0 9 4] jglc. ±^l«o»tt43J;t;SI«tWtefe^ 



24 



[0 09 5] 

«r5. 0m J /gJWTi:-rs«J:-5fcLfc©^ x*;l«F 

So 

[HiBefflWftgiiH] 

[0 i ] *mi<D-nm<Q&micmz-&nm<Dmi&* 

[0 2] 0i »cwb^z^?Wfitefe»*«iil»ffi{*o— 

ll-Wfiffi, 12, 1 3-!6&fc 1 1 

5 1 Sa-f-fXjrfc 16-KUSSti 
20 17-^7K 2 0-SSli», 2 1 -IE 

6 2 1 a-jESftttft. 2 1 b-IE«*»J»x 2 2 - 
JUL 2 2a-Ml^ 2 2 b-ftCfrfflDI* 2 3 
•••• fe/SU— 2 4 2 5 -IE8SU — 
h\ 2 6-ftaU — K 



[02] 



21 



21a 



IES£3B« 
21b 



4^ 



Am 

22 



asm* fis^ais 

22a 22b 



S.iS S. S. S. S. 



V V V V V v'v VK' <^ 
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A 
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CHI] 



25 j 4 



16 

17 Y 




(72)R«f!# Sit 

«Ma5p a 0 ;iiKdb« a «iH6TB7#35^ v- 

(72) £HB« »b 35 

m^fPS,illEitp a n/l[6TB7S35^ V- 



F*— 5H029 AJ03 AJ04 AK03 AL01 AL02 

AL06 AL07 AL08 AL11 AL12 

AL16 AL18 AM03 AM05 AM07 

AM16 BJ14 BJ27 DJ02 DJ04 

DJ05 DJ07 DJ08 DJ16 EJ01 

EJ04 EJ12 HJ07 HJ19 

5H050 AA08 AA09 BA07 BA18 CA08 

CA09 CB01 CB02 CB07 CB08 

CB11 CB12 CB22 CB29 EA10 
EA24 HA07 HA19 
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